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ABSTRACT
Unit stream power, stream power per unit channel length, and total 
boundary shear stress were used to assess probable zones of river-sediment 
transport and storage following a large landslide into the Deer Creek 
basin, Skagit County, Washington. Since an initial deep-seated failure in 
glacial deposits in 1983 and a larger failure in 1984, the DeForest Creek 
landslide has introduced fine (_+75% finer than coarse sand) sediment into 
the main channel of Deer Creek. The influx of sediment has caused 
infilling of void space in channel gravel by sand and silt, increased bank 
erosion, and increased slump activity adjacent to the stream. Bankful1 
discharge (considered to be a channel-forming discharge) was calculated 
for each of 114 reaches in the 13.4 km stuc^ reach. The discharges were 
used in conjunction with thalweg slopes, bankful1 widths, and active- 
channel depths to calculate unit stream power, stream power per unit 
channel length, and total boundary shear stress. Analysis of unit stream 
power for successive reaches of Deer Creek indicates that this variable is 
sensitive to the degree of bedrock control on channel morphology. In 
turn, unit stream power exerts a significant control on sites of bank 
erosion, channel aggradation, and degradation; and it appears to control, 
at least in part, sites of sediment storage. Thus, unit stream power can 
help locate reaches most likely to change as Deer Creek adjusts to the 
increased sediment load from the DeForest Creek landslide.
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INTPODUCTICa^
The principal objective of this study was to investigate the response of a 
river channel to a major input of sediment from a single source. Previous 
studies of the response of river channels to inputs of coarse sediment 
from landslides along channels or on adjacent hillslopes by Kelsey
(1980,1982) and Madej (1982, 1984) have documented the downstream movement 
of sediment and its subsequent influence on channel geometry. This study 
investigates a similiar phenomenon, except the major influx of sediment 
comes from a point-source, one large landslide, and the introduced 
sediment consists of a wide range of particle sizes, with a substantial 
component finer than coarse sand. The emphasis of this study is, 
therefore, on the characteristics of the single sediment source, the 
channel response to the sediment input, both near the source and in more 
distal reaches, and calculation of hyraulic variables that may give an 
indication of how the channel will respond to this input of highly mixed 
sediment.
Deer Creek (drainage area=171 kn?) (Figure 1), a tributary of the North 
Fork Stillaguamish River at Oso, Washington, has been affected by sediment 
from a major landslide since 1983. The DeForest Creek landslide 
(henceforth called the DeForest Creek slide) has introduced large 
quantities of glacially-derived fine-grained sediment into the main stem 
of Deer Creek. Although such a slope failure in glacial deposits is not 
unique within the basin, the DeForest Creek slide is currently the largest 
point-source of sediment into the main channel of Deer Creek.
The initial failure of the DeForest Creek slide occurred early in 1983.
Although the exact cause of the failure is not known, evidence indicates
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that a flcxxi event in the DeForest Creek drainage (a tributary of Deer 
Creek, Figures 1 and 2) resulted in erosion and downcutting of up to 4.5 m 
in the DeForest Creek channel during the winter of 1983. On the adjacent 
hillslope, groundwater, moving through glacial outwash deposits to 
contacts with more inpermeable fine-grained deposits, caused increased 
piezometric head within the glacial sediments and failure of the slope.
The DeForest Creek slide is new a steep-walled canyon (Figure 3) 
retreating headward at an average rate of about 0.18 m/day. Groundwater 
continues to flow out of the deposits exposed in the landslide walls and 
carries sediment into newly-formed Slurry Creek. Slurry Creek (an 
informal name) flows along the bottcan of the landslide (Figure 4) and 
joins DeForest Creek, vdiich in turn joins Deer Creek twD hiandred meters 
downstream fron the junction (Figure 4).
Due to the magnitude of sediment influx from the DeForest Creek slide, 
changes are evident in channel morphology and channel bed texture in the 
main stem of Deer Creek just downstream from the slide. These changes 
include infilling of void spaces in channel gravel by sand and silt, 
channel aggradation, slight widening of the active channel, and bank 
erosion.
The purpose of this study is four-fold; (1), characterize the sediment 
source in the DeForest Creek slide; (2), analyse the geomorphic character 
of the Deer Creek channel above and below the landslide; (3), assess the 
relative sediment transport capacity through calculation of hydraulic 
variables (such as unit stream power and total boundary shear stress); and, 
(4), relate hydraulic characteristics to channel morphology.
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Figure 3: View to south from head-scarp of the DeForest Creek
landslide: September 1987. (photo by J- Nevin Thompson)
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LANDSLIDE EXTENT
1983
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1984-1986
1986-1987 
DEBRIS FAN EXTENT 
1983
1984-1987
SI ump
Vegetated Slump Scarp
Deer Creek Channel 
Margin and Flow Direction
ravel Road
Location of Stratigraphic 
Section Measurement
Low Gradient Area
Figure 4: DeForest Creek landslide and debris fan: areal extent in
1983, 1984, 1986, and 1987.
GEOLOGIC SETTING
The lower Deer Creek valley contains a thick accumulation of glacial 
deposits overlying bedrock. The surface of these deposits forms two 
distinct terraces (Figure 2). The lower terrace, at an elevation of 550 
m, forms a broad plateau east of DeForest Creek, northeast of Deer Creek, 
and forms the divide between the Deer Creek and Finney Creek drainages 
(Figures 2 and 5). The ij^per terrace lies at elevation 670 m. Glacial 
sediments within these terraces are the source for a large portion of the 
sediment introduced into Deer Creek through mass movanent.
Landslides in the glacial terrace <teposits of the Deer Creek basin are 
neither a unique nor only a modem occurrence. Some slides are currently 
active, while some predate the old-growth forests (I^an et al., 1984).
The landslides include shallow soil and vegetation-mat debris avalanches, 
deep-seated slumps (I^an et al., 1984), and debris flows. The ccxnbination 
of landslides and stream erosion has resulted in irregular dissection of 
the terrace treads, forming ampitheaters and salients along the terrace 
edge.
Paleozoic and Mesozoic metamorphic rocks and the Eocene Chuckanut 
Formation conprise the underlying bedrock in the Deer Creek basin (Reller, 
1986) (Figure 6). In the vicinity of the DeForest Creek landslide, the 
Chuckanut sandstone dips steeply to the west (Reller, 1986) (Figure 6). 
However, an eastward dip in the Chuckanut indicates a small syncline near 
DeForest Creek. Although the DeForest Creek slide has formed in glacial 
sediments, the underlying bedrock will ultinnately constrain the retreat of 
the headwall. A marked decrease or cessation of headward retreat will 
result vhen the slide erodes to the bedrock contact.
7
Figure 5: View to the south-east showing the lower terrace and
the Finney Creek-Deer Creek divide.
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FIELD-DATA AQUISITION
Data were gathered frcxn three main areas: (1), the 13.4 km study reach in
the main channel of Deer Creek (A to B in Figure 1); (2), the DeForest
Creek slide; (3), and the debris fan lying between the mouth of the slide 
and the active channel of Deer Creek. These data include a longitudinal 
thalweg profile that was surveyed along the Deer Creek channel from a 
point one kilaneter above DeForest Creek downstream to the upper end of 
the lower gorge (A to B, Figure 1).
Eighteen channel cross-sections were surveyed at selected locations 
(Figure 1). These locations include 12 cross-sections surveyed previously 
by A1 Zander, Forest Hydrologist for the Mt. Baker-Snoqualmie National 
Forest, and Bruce Stoker from the University of Washington, as well as six 
new sites.
Widths and depths of the active channel were measured in the field for use 
in hydraulic calculations. Active channel width is the width from one 
vegetated bank to the other. Widths were measured with a rangefinder or a 
tape. An average channel depth was systematically measured down the 
chanml by surveying the mean depth viien the water covered the active 
channel width. Mean depth was calculated from depths measured at five to 
ten meter intervals across the active channel width.
Aerial photogr^hs, a rangefinder, and a handlevel were used to determine 
the volume of the DeForest Creek slide as of August 19, 1986, and again as 
of July 13, 1987. The stratigraphic section of the glacial sediments 
exposed in the slide was measured (Figure 7) using a Jacobs staff and a 
handlevel. The volume of material in the proximal and distal portions of 
the debris fan was calculated by profiling the length, measuring average
10
M
ET
ER
S A
BO
V
E BA
SE
 LE
V
EL
2S-\1--r.- -H
20- -
10-
Light gray very thinnly to thinnly bedded 
very fine sand with silt/cl ay layers con­
taining 2-4 mm thick fine sand partings.
- less than 3% pebbles contained primarily 
in sandy layers
Figure 7:
_ight gray thinnfy bedded silty fine sand 
with zones of soft sediment deformation.
Light brown slightly silty medium to coarse 
sand.
Gray very fine sandy, slightly silty clay 
with light brown fine sand interbeds.
Light gray-brown fine sand.
Brown pebbley medium sand.
Light gray-brown cross-bedded fine sand.
Gray-brown slightly clayey fine sand (clay­
ey in places) in 5 cm or less beds.
Sand and clay layers with less than 5% 
pebbles.
Light brown fine sand.
Brown sandy gravel (groundwater emergence).
Gray very fine sandy, slightly silty clay 
with light brown 0.25 to 20cm fine sand 
interbeds, (appears varved)
Gray-brown pebbley, silty, slightly clayey 
fine sand in 0.25 to 5 cm interbeds.
Gray very fine sandy, slightly silty clay 
with light brown 0.25 to 22 cm interbeds, 
(appears varved)
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greater than 5 cm.
Stratigraphic column of the glacial deposits in which 
the Deforest Creek landslide formed. Arrows indicate 
horizons of groundwater emergence.
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Figure 7 (cont.): Stratigraphic column of the glacial deposits in
which the Deforest Creek landslide formed. Arrows 
^_____ indicate horizons of groundwater emergence.
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widths, and estimating depths of the debris material.
IXiring field measuronents, other sources of sediment into the main stem of 
Deer Creek were noted. The areal extent of additional sediment sources, 
vSiich included smaller slides, slumps, cut banks, tributaries, and debris 
flows, was noted on aerial photogr^hs. Cut banks were recorded in linear 
meters of eroding bank.
I qualitatively noted sites vdiere fine sediment, most likely from the 
DeForest Creek slide, was stored in the channel. These sites are the 
sediment storage sites discussed belcw, and they should not be confused 
with the locations of gravel bars. Gravel bars do store significant 
quantities of sediment, but the gravel bars remained relatively stable 
while the fine sediment was deposited and subsequently mobilized 
downstream.
13
DEFOREST CREEK LANDSLIDE
Causes and chronology of failtire; role of precipitation 
The timing of the initial failure of the DeForest Creek slide is still 
uncertain. Although undocumented by government agencies until March 1984, 
initial failure occurred on the west bank of DeForest Creek sometime 
between August 1982 and July 1983. A larger failure occurred in March 
1984. The time of failure is constrained by August 1982 Department of 
Natural Resources/ U.S. Forest Service aerial photographs, vhich do not 
shew any obvious failure, and July 29, 1983, U.S. Forest Service aerial 
photographs, viiich show a well developed slump and flow feature and a 
distinct debris fan (Figure 4). Initial failure of the slope most 
probably occurred during the 1982-1983 rainy season.
A storm during January 7-10, 1983, was responsible for numerous damaging 
debris torrents and other mass movements in the Lake Whatcom basin and 
lower Skagit Valley area of northwest Washington (Syverson, 1984; 
Easterbrook, oral cotirn., 1987). This storm had a recurrence interval of 
10 to 20 years, with an average of 15 years, based on 24 hour totals for 
numerous precipitation stations in Whatcom and Skagit counties 
(Easterbrook, oral comm., 1987). Using NCAA precipitation data from the 
Darrington Ranger Station (for 1931-1984), I ranked into classes the 
maximum precipitation over a 48 hour period for storms greater than 2.0 
inches that lasted 48 hours or more. There were 88 such rainfall events.
I then calculated the probability of occurrence for each precipitation 
class (Figure 8). At the Darrington Ranger Station, the January 1983 
storm has a recurrence interval of only 1.3 years and the December 1982 
storm has a recurrence interval of approximately 6 years. While these 
data are not indicative of specific precipitation characteristics for
14
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either of these storms at the site of the DeForest Creek slide, they do 
indicate the January 1983 storm had destabilizing effects in northwest 
Washington. The DeForest Creek slide site may have received substantially 
different levels (either greater or smaller) of precipitation from either 
of these storms than Barrington due to an aspect more open to the west, 
possible orographic effects producing irregularities in precipitation 
patterns, and the possibility that these storms were rain oh snov events 
in the headwaters of DeForest Creek.
Additional evidence that a storm in December 1982 or January 1983 may have 
triggered the initial failure of the slide is that DeForest Creek shows 
the effects of a large discharge event early in 1983. A survey of 1982 
and 1983 aerial photographs covering DeForest Creek shews expansion of the 
riparian fringe along the channel and initiation or expansion of cutbanks 
during 1982-1983. Field data gathered by Al Zander early in 1984 and by 
me in 1986 and 1987 support a large flood event in the DeForest Creek 
drainage early in 1983. Evidence includes highwater marks left by water 
backed behind a 2.5 by 4.5 m culvert on U.S. Forest Service Road 17 
(800 m x;^stream from the DeForest Creek slide) and downcutting of up to 
4.5 m in the lower reaches of the DeForest Creek channel.
Antecedent moisture may also have influenced the formation of the DeForest 
Creek slide. A three-point running average (Figxore 9) for the Barrington 
Ranger Station for 1952-1986 shows total annual precipitation above the 
mean for 1982-1984, although not to an exceptional degree. Precipitation 
data from the Barrington Ranger Station and Jim Creek Naval Radio Facility 
(Figure 10) for the summer of 1983 indicate June through September 
precipitation levels 60 percent above the average June-September
16
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precipitation for 1960-1984 (Ryan et al., 1984). Furthermore, the 
Septanber to March, 1983-1984 precipitation total is 18 percent above the 
Septaiiber-March average for 1960-1984 (I^an et al., 1984). These 
consecutive wet winters with an above-normal intervening wet summer would 
have contributed to higher than noinnal groundwater levels in the glacial 
deposits. Additionally, runoff from the road directly above the slide may 
have contributed even further to groundwater recharge at the site. High 
piezortietric head in the glacial outwash sands as the result of greater 
than normal groundwater recharge would have contributed to instability at 
the slide site.
The following is a hypothesized sequence of events in the formation of the 
DeForest Creek slide. At some time after August 1982 but prior to July 
1983, the small ridge on the west bank of DeForest Creek failed at an 
^proximate elevation of 470 m near the base of the lower terrace (Figures 
2 and 4), depositing a debris fan at its toe. The failure covered 27 
percent of the July 1987 surface area (Figure 4). The January 7-10, 1983, 
storm alone may have produced enough precipitation to destabilize the 
slope. Old scarps and slump features on the ridge (Figure 4), both recent 
and predating the old-grcwth forest, attest to past instability on the 
slope. Instability may have been further increased by erosion at the base 
of the Icwer terrace by a flood in DeForest Creek coincident with the 
January 1983 storm.
Prior to the DeForest Creek slide, turbidity in Deer Creek was not 
unccsnmon during the wet winter months. However, turbidity would usually 
clear up v^en the rains eased in the spring (Noel Wolff, oral comm., 1987) . 
A major landslide event, postdating the initial event, first became
19
noticeable v^en residents of Oso, Washington, at the mouth of Deer Creek, 
notified the U.S. Forest Service of high levels of turbidity and sediment 
in Deer Creek in March 1984. The turbidity was subsequently traced to the 
DeForest Creek slide by A1 Zander of the U.S. Forest Service in Sedro 
Woolley. July 1984 aerial photography shows the landslide was 42 percent 
of the July 1987 surface area and had a proninent debris fan at its mouth 
(Figure 4).
Based on turbidity and field observations, therefore, a major slope 
failure must have occurred scxnetime in March 1984. A low-viscosity debris 
flew passed into DeForest Creek, became more bulked with water, and moved 
into the main stan of Deer Creek. Suspended sediment from the flow reached 
the North Fork of the Stilliguamish River at Oso shortly thereafter. 
Evidence for low-viscosity debris-flow includes mud marks 3-5 m up the 
trunks of trees at the mouth of the slide and absence of indicators of a 
viscous landslide mass damming DeForest Creek (I^an et al., 1984). In 
addition, observations of a sudden increase in turbidity as far downstream 
as Oso suggest the landslide moved as a flew directly into Deer Creek. 
Continued flow of groundwater from the face of the slide is an indication 
that ample groundwater was available to saturate sediments prior to 
failure.
Geomorpholoqy of landslide
The formation and growth of the DeForest Credo slide is strongly 
controlled by the landslide parent material. A stratigraphic section of 
the glacial deposits (Figure 7), compiled from exposures in the DeForest 
Creek slide (Figure 4), reveals a complex stratigr^hic sequence with 
sediments varying from glaciolaciistrine silt and clay (Jerry Thorsen, oral 
ccxnm., 1987) to outwash sand and gravel with approximately 75 percent of
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the total finer than coarse sand. The contacts of tvro prominent resistant 
ijnits of glaciolacijstrine blue-gray, silty clay with overlying coarser 
deposits form the most prominent horizons of groundwater seepage and 
springs (Figure 7), viiich are the sources of flow for Slurry Creek. Other 
minor horizons of seepage are also evident in the canyon walls (Figure 7).
Expansion of the slide is due to several modes of failure. Piping of 
material by seeps and springs (Figure 7) in conjunction with 
oversteepened, unconsolidated outwash deposits results in avalanches of 
loose material and rapid i;^slope retreat of the headwall. Lateral growth 
on the east side is the result of caving and sloughing of oversteepened 
deposits as well as minor slumping. The west wall expands primarily by 
slumping of large blocks onto the floor of the slide. Lateral growth is 
slower than headward growth, probably due to the observed concentration of 
groundwater flow at the headwall, and less piping and caving along the 
side walls. Deposits that are structurally lower in the slide tend to be 
more consolidated and resistant to avalanching and sloughing.
Changes to the landslide; 1986-1987
Since initial catastrophic failures of the slide in 1983 and 1984, a 
pattern of seasonal changes in geomorphic processes has occurred within 
the slide. I observed a general pattern of sediment accumulation in the 
valley bottom within the slide during the dry summer months and evacuation 
of the valley fill during the wet winter months (Figure 11). This 
seasonal pattern is due to seasonal changes in groundwater discharge to 
the slide and precipitation falling on the slide, v^ich result in varying 
degrees of sediment mobilization. As rain falls on the drainage area 
above the slide, the groundwater level rises, viiich decreases stability of
21
SUMMER
Figure 11: Diagrammatic cross-sections showing seasonal incremental
growth of the DeForest Creek landslide.
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the slide walls. Se^ and spring activity increases as groundwater is 
recharged with a resulting increase in the flow of Slurry Creek. This 
cotibination of factors acts to mobilize large volumes of sediment from the 
slide during the wet winter months and results in an incronental growth of 
the slide.
The horizons of seeps and springs on the slide scarp (Figure 7) were 
active throughout 1986. Slurry Creek carried sediment in concentrations 
ranging frcm water flow to hyper-concentrated flows to debris flows with 
material being introduced to the channel by caving or sloughing of the 
valley walls. By late summer 1986, the canyon floor was relatively broad 
and flat (widths ranged from 4-25 m). During the succeeding winter.
Slurry Creek was able to mobilize and evacuate a large volume of this 
sediment from the slide. As a result, the slide floor became narrower and 
steeper (Figure 11).
During the simmer of 1987, however, the seeps and springs in the slide 
were less active. As a result, Slurry Creek carried less discharge and 
less sediment and the water was clear for much of the summer. With less 
seep and spring activity, large talus cones built at the base of the 
headwall and the sediments on the slide bottom had a lower moisture 
content than those present the previous year.
Reasons for decreased groundwater discharge between the •summers of 1986 
and 1987 include: a decrease in groundwater recharge during the dry years 
of 1985 and 1986, the mild winter of 1986-1987, and the dry summer in 
1987; a decrease in recharge area of the slide by 0.04 km due to headward 
expansion of the slide; and, the enlarged slide has created a groundwater 
sink and lowers the piezcmetric surface in sediments adjacent to the
23
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DeForest Creek slide.
Evolution of the debris fan
llie debris fan formed in several stages. The 1983 catastrcphic failure 
(Figure 4) produced a localized fan in DeForest Creek. This fan did not 
reach the channel of Deer Creek. In contrast, the March 1984 
catastrophic failure deposited a larger debris fan that extended to Deer 
Creek and prograded farther downstream along the right bank (Figure 4). 
In the summer of 1984, Slurry Creek deposited fines in a low-gradient 
area ("X" in Figure 4), due in part to a man-made diversion of Slurry 
Creek.
Since fan deposition in 1984, DeForest Creek has downcut through the 
debris fan (Figure 12). By August 1987, total dcwncutting ranged from 13 
meters at the fan head to five meters near Deer Creek. From 1986-1987, 
DeForest Creek downcut approximately two meters at the fan head and one 
meter near Deer Creek. Slurry Creek and DeForest Creek actively shift 
their channels below the mouth of the slide. Channel shifting is most 
frequent in the mid-fan area vhere downcutting is moderate.
Landslide sediment budget
The volume of the void created by the DeForest Creek slide as of August
1986 was about 7.5 x 10^ m3. By July 1987, an additional 2.9 x 10^ m^of
material had been added frcm the headwall area alone. These are
conservative estimates, as accounting for the original shape of the land
surface prior to failure was difficult. The debris fan had a voliame of 
4 3about 7.0 X 10 m in August 1986. This estimate is also conservative in 
that depth to the previous ground surface in the debris fan area is not 
known. The fan volume (August 1986) was 9 percent of the total slide
24
Figure 12: Photograph shewing the relatively undissected original upper
fan surface and multiple Icwer terrace remanents.
(photo by Bemie Dougan)
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volume at that time. The low percentage of material in storage in the fan 
is prc±>ably due to the low viscosity of the major failure(s), which 
allowed the bulk of the sediment to pass into the main stem of Deer Creek. 
Continued export of slide material from the site by Slurry Creek and 
continued erosion of the debris fan by DeForest Creek and Deer Creek are 
additional reasons for lew storage of slide debris on site. The retiaining 
93 percent of the slide material (9.7X105 m3) is either stored along the 
main channel of Deer Creek or has moved out of the Deer Creek basin. This 
exported material is responsible for changes to channel morphology 
downstream from the DeForest Cre^ slide.
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QUALITATIVE CHANGES TO DEER CREEK: 1986-1987
Qualitative changes in turbidity and the degree of fine sediment in the 
channel-bed material were observed during field work. In 1986, txarbidity 
in the channel was high imnediately below the slide and obscured the 
substrate even at water depths of a few centimeters. Water clarity did 
vary with changes in discharge due to rain and proximity to tributaries, 
and water clarity was generally low throughout 1986, including the summer 
months. In summer 1987, water clarity iirproved and water was generally 
clear throughout the study reach except immediately follcwing rain storms 
v^en turbidity would ternporarily increase.
In a qualitative sense, the amount of fine sediment in the bed of the 
channel below the DeForest Creek landslide appeared to decrease between 
the summers of 1986 and 1987. In 1986, observations were restricted to 
estimates of the relative amount of fine sediment in the channel gravel 
based on hand texturing and feel underfoot. Improved water clarity 
permitted direct observation of the channel bed in 1987. As of summer 
1986, infilling of void space in channel gravel by sand and silt was 
apparent both in the thalweg and in areas marginal to the thalweg.
Channel gravel in the thalweg were relatively free of fine sand and silt 
in 1987, indicating scouring and winnowing of fines occurred during 1986- 
1987 winter discharges. However, sand and silt were still conspicuous in 
secondary channels and marginal to the thalweg.
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DEER CREEK STUDY REACHES
Study reach subdivisions
The 13.4 km Deer Creek stuc^ reach was divided into shorter reaches in 
order to group channel units of similiar hydrologic character and to 
facilitate calculation of hydraulic variables. Divisions were based on 
the following geonorphic observations: channel pattern, relative channel
width, reaches of width ejqjansion versus width contraction, extent and 
type of channel bars, bank stability, thalweg slope, and extent of bedrock 
control on channel form.
Preliminary subdivision was made on aerial photographs. The boundaries of 
the stibdivisions were refined using field notes and field-surveyed channel 
thalweg slopes. The resulting 114 reaches (Figure 13; Appendix I) have a 
minimum length of 33 m, a maximum length of 245 m, and an average length 
of 103 m. Subdivisions were chosen based on a similarity of physical 
characteristics so that calculated hydraulic variables for each reach 
would be reasonably accurate averaged values.
The 114 reaches were grouped into eight segments (Figure 13; Appendix I) 
on the basis of relative proximity to the Deforest Creek slide, locations 
of other major sediment sources, and trends in the three-point running 
averaged values of stream pov^r per unit channel length (discussed below) 
as well as stream gradient, bank stability, and degree of bedrock control 
(Table 1).
Reach characteristics
Stream gradient; Variation in gradient is one means of comparing the 
eight segments of the study reach. Gradients in the study reach range 
from 0.043 (43 m/km) in reach 34 of segment IV, to 0.0023 (2.3 m /km) in
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TABLE 1: Channel Segment Characteristics
Segment
(reaches)
Segment
length
(m)
Thalweg
slope
Length
of
bedrock
(m)^
Percent
eroding
bank^^
I (E-4) 320 0.016 90 18
II (5-16) 975 0.013 150 41
III (17-26) 1170 0.011 130 55
IV (27-37) 995 0.018 0 34
V (38-60) 1905 0.019 0 34
VI (61-79) 1840 0.015 0 25
VII (80-98) 2420 0.011 145 19
VIII (99-109) 1420 0.020 135 20
♦Length of streambank ccxiposed of bedrock in meters 
♦♦Length of eroding streambank divided by two times the 
segment length
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reach 52 of segment V. However, there is not a distinct downstream trend 
in the mean stream gradient (Table 1).
Degree of bedrock control: The two bedrock types that influence channel 
morphology in the study reach are metamorphic rocks and glaciolacustrine 
clays. The 90 meters of metamorphic rocks exposed in segment I, above the 
DeForest Creek slide, crcp out in three locations on the left bank. The 
exposed metamorphic rock fixes the thalweg, as described by Lisle (1986), 
along the left bank outcrop, forming deep pools in the glides and chutes 
in the rapids. The 145 m of exposed bedrock in segment VII produces a 
similar effect. In general, bedrock exposures occur along only one bank, 
with the opposite bank composed of gravel bars.
Segment VIII has the most dominant bedrock control, with bedrock occurring 
on both sides of the channel for 9.5 % of the reach length. The bedrock- 
controlled channel reaches have frequent potholes in bedrock within the 
active channel and notably less bar development. Becaiase of the narrow 
chute-like nature of reaches 102 and 103 in segment VIII, winter flows 
reach a high level within the bedrock walls. For instance, 1986-1987 
flows removed log debris from the top of a boulder that is 5 m above the 
thalweg.
Exposures of blue-gray glaciolacustrine clay have a major influence on 
channel character in segments II and III. Although clay would not 
normally be considered bedrock, the clay is dense and cohesive and erodes 
like bedrock (Figure 14). The clay is not, however, as resistant as the 
metamorphic rocks. In lower segment II and upper segment III, the 
glaciolacustrine unit consists of massive clay, containing dropstones, 
overlain by thinly bedded clay. In this stretch of channel, the clay
31
Figure 14: Erosional feature in glaciolacustrine clay.
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forms the channel banks and is discontinuously exposed on the channel bed 
as well. The clay controls channel morphology by fixing the thalweg 
adjacent to clayey stream banks. In clayey reaches, little sediment is 
stored in the low water channel, and bars contain the majority of sediment.
Bank Stability; The most distinctive variable among the river segments 
is the degree of bank erosion (Table 1; Figure 15). Percent bank erosion 
in a reach is the percent of eroding bank per total linear meters of bank.
Segment I (Figure 13), above the DeForest Creek slide, has a relatively 
minor amount of eroding bank (Table 1; Figiare 15) and represents typical 
bank stability above the slide. Cross-section 8 shows insignificant net 
changes from 1986 to 1987.
Segment II shows the erosional effects of the slide near its source.
Slurry Creek and DeForest Creek flow across the debris fan carrying 
sediment from the slide into Deer Creek in the upstream portion of segment 
II. Bank erosion along Deer Creek more than doubles (from 18 to 41 
percent) dcwnstream from the mouth of DeForest Creek (Figure 15). Changes 
to channel cross-section 7-B (Fig\are 1; Figure 16) also indicate the 
instability and aggradation in this reach. During the course of the 1986- 
1987 winter, a delta built into the main channel of Deer Creek and 
diverted the thalweg 20 m towards the left bank, resulting in erosion of 
the gravel bar on the left bank and net aggradation of 15.6 it?.
Active slumps in reaches 7, 9, 9/10, and 15 of segment II are related to 
increased bank erosion due to the DeForest Creek slide. Some of these 
failures predate the slide, and field observation and aerial photographs 
indicate that Deer Creek actively erodes the base of many of these
33
)u»jJOi sijq»a 
ifBSd ■•••a
uMio i»»a •lun-
•PMS i8»joj®a____ ^
>
>
->0)
N
M
1=1
H
I iI I I Io o o o _(O 10 ^ w <M
Mueg Buipojg )U90jed
-flO
-f
(0
** c-<0 CO
C w
S 
o 
o
-CO
34
Fi
gu
re
 1
5:
 
Pe
rc
en
t 
er
od
in
g 
ba
nk
 p
er
 s
tu
dy
-r
ea
ch
 s
eg
me
nt
.
10- ■ 6
Figure 16: Changes to cross-sections 6, 7-A, and 7-B: 1986 to 1987.
R=right looking downstream.
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failures dxaring the vdnter high flows. Slump activity has accelerated 
since initiation of sediment ir^ut from the slide.
Segment III contains 55 percent eroding bank (Table 1, Figure 15). A 
large portion of this erosion is due to a channel avulsion, v^ich converted 
an eight m wide secondary channel to a 36 m wide channel between 1986 and 
1987. The avulsion cut through a mid-channel bar containing 15 to 20 year 
old trees. Active slumps in the lower third of this segment and in Little 
Deer Creek (Figure 15) are additional sources of sediment. These slumps 
are v:^stream from the avulsion, and sediment from these features may have 
contributed to channel widening.
Cross-section measiorenents in segment III (sections 6 and 7-A, Figure 1; 
Figure 16) indicate significant channel mobility below the slide. Section 
7-A, at the upstream end of segment III, shows a net degradation of 10 ra^ 
since 1986, with the thalweg incising 1.4 m in glaciolacustrine clay near
Othe right bank. Net aggradation of 16 m occurred at cross-section 6, 
downstream from Little Deer Creek, from 1986 to 1987.
Another significant sediment source enters Deer Creek in lower segment 
III. Debris torrents have delivered sediment to the main channel from 
steep drainages on the flanks of Little Deer Peak to the north (Figure 
15). Debris torrent fans are evident on the right bank at the mouths of 
these drainages, but the effects of this sediment input rapidly taper off 
downstream.
The lower five segments (IV, V, VI, VII, and VIII) show consistent 
decreases in percent bank erosion (Table 1, Figure 15). Bank erosion is 
concentrated at the outside of meander bends, and fewer slumps are 
associated with cutbanks. In segment V, cross-section 5, (Figure 1) shows
36
insignificant change between 1986 and 1987. In segments VI and VII, 
cross-sections 4 and 3 (Figxare 1), respectively, show minor aggradation. 
These changes are small and indicate relatively greater stability of these 
segments compared to those directly below the slide. In segment VIII, 
only 20 percent of the stream banks are eroding, and this segment is 
approximately as stable as segment I above the DeForest Creek slide.
Sediment storage; Sediment storage, as used in this paper, refers to 
storage of fine sediment, probably derived from the DeForest Creek slide, 
in the channel and in gravel bars along the main-stem of Deer Creek. The 
major sites of sediment storage are lateral bars and point bars. Storage 
sites occur in reaches 8 and 12 (segment II), reach 25 (segment III), 
reaches 30, 31, 36, and 37 (segment IV), reaches 38, 45, 46, and 52 
(segment V), and in scattered reaches within segments VI-VIII (Appendix I; 
Figure 22).
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HYDROLOGY
Channel-forming discharge
Based on the vrark of Wolman and Miller (1960), frequent, low magnitude 
flews with recurrence intervals on the order of one to two years are most 
responsible for shaping the channel and transporting the majority of the 
suspended sediment load. Such flows include the bankful1 discharge (Qg). 
Various authors have shown that is approximated by the 1.5 to 2.0 year 
annual flow (Q^ (Wblman and Miller, 1960; Lec^wld et al., 1964;
Dunne and Leopold, 1978), although this is not always true (Williams, 1978).
Deer Creek is essentially an ungaged stream, although incomplete flow data 
are available for 1917-1930 and 1950. These discharge data were collected 
near Oso, 9 km downstream of the lower end of the stuefy reach, and were 
not directly useful in determining channel-forming discharge within the 
study reach.
For Deer Creek, I assumed the bankful1 discharge was an important channel­
forming discharge and that most sediment was carried by flows of this 
magnitude or less (Wolman and Miller, 1960; Hedman, 1970; Hedman and 
Osterkamp, 1982; Nolan et al., 1987). I assumed the 2.0 year flow is 
approximately equal to . The 2.0 year flow ((^) was then indirectly 
conputed for each smaller reach within the main study-reach. To do this,
I attenpted to establish a relationship between drainage area (A) and 
bankful1 discharge (Qg) by two methods. The first method involved 
establishing a relationship between Q2 and A for various streams in the 
v^stem Cascades that are hydrologically similiar to Deer Creek. Criteria 
for hydrologic similarity included: drainage basin elevations lying 
between 50 m and 1600 m; flow predominantly derived from rain with winter 
snew pack playing a role at higher elevations (Cummans et al., 1975);
38
moisture primarily from the west; and approximately 98 percent forest 
cover (Cummans et al., 1975).
Based on the above characteristics, gaged basins that are hydrologically 
similiar to Deer Creek are Mineral Creek, Green River, Taylor Creek, Jim 
Creek, North Fork Stilliguamish River, Pilchuck Creek, and South Fork 
Ndoksack River (U.S. Geological Survey, 1985a; 1985b; 1985c). All these 
basins are on the western slope of the northern Cascade Mountains and are 
within a 200 km radius of the Deer Creek basin (Figure 10). A plot of Q 
vs. A for Deer Creek and these similiar basins (Figure 17), however, shows 
an unacceptabe degree of scatter. Therefore, I used the second method, a 
regression equation for based on drainage area (A) and annual basin 
precipitation (P):
02=0.191 A°* (1)
vhere the variables are Q (ft 3/sec); A (m:? ); and P (in) (Cummans et 
al., 1975). The coefficient and exponents in the regression equation are 
specific to Region I of western Washington (Cummans et al., 1975). The 
regression analyses for Washington were based on 450 gaging stations in 
Washington and two in British Columbia with the state being broken into 12 
discrete regions based on physiographic differences between the regions 
(Cummans et al., 1975). This second method is similar to the first 
except that it incorporates precipitation as an independent variable and 
utilizes more gaged basins in the data base.
To use equation (1) to calculate Q for the reaches, the precipitation and
A
drainage area above the reaches were determined. The drainage area above 
each reach was calculated using a digitizer. A weighted-average annual
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value of precipitation of 2300 mm for the basin was calculated from 
precipitation isohyets (lines of equal precipitation) (Figure 18) using 
the isohyetal method (Linsley et al., 1982, p. 71). Values of area (A) 
and precipitation (P) were incorporated into equation (1) to calculate Q2 
for the downstream end of each reach (i^pendix II). The values were 
then used in the calculation of hydraulic variables for the channel.
Hydraulic variables
Ihree hydraulic variables were calculated for the 114 reaches (Appendix 
II). These variables are: stream power per unit channel length, stream
power per unit bed area (unit stream power), and total boundary shear 
stress.
Stream power is proportional to the discharge-slope (QS) product and is an 
indication of sediment-transport capacity (Bagnold, 1977). Stream power 
can be ej<pressed per unit channel length (/I) :
n=tQS (2)
viiere the units are newtons per second (N/s); or per unit bed area (unit 
stream power) (^a) :
^4=(YQS)/W (3)
viiere the units are newtons per meter-second (N/ms) and "Jf is the weight 
density of water (9799 N/nP), and W is channel width in meters (Dingman, 
1984).
Total boundary shear stress [%) is proportional to the depth-slope (dS) 
product:
‘Z =YdS (4)
v>*iere the units are newtons per meter squared (N/irP) (Leopold et al.,
1964). Total boundary shear stress can be related to bedload transport.
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since the transport rate of bedload increases with total boundary shear 
stress (Leopold et al., 1964; Yalin, 1977). However, the relationship 
between total boundary shear stress and actual transport rate is complex 
(Dingman, 1984; Wiberg and Smith, 1987).
Thalweg slope and bankful1 widths measured in the field, as well as the 
two-year-recurrence discharge, were used to calculate hydraulic variables 
for each reach (i^pendix II). Thalweg slope was assumed to be a close 
approximation of the water surface slope for the two-year discharge 
(Schumm, 1977). This assumption is important because stream-power is 
prcportional to the energy slope (the slope of the water surface) but not 
necessarily to the actual bed slope of the river channel.
Downstream variation in hydraulic variables
Downstream trends in the hydraulic variables are evident in the reaches 
(Figures 19, 20, 21, and 22). Since stream power per unit channel length 
and unit stream power are both proportional to the discharge-slope (QS) 
product, they tend to mimic each other closely (Figures 19 and 20). In 
addition, total boundary shear stress is proportional to the depth-slope 
(dS) product and closely follows unit stream power (Figures 20 and 21).
Unit stream power shews neither a general downstream increase nor 
decrease, but does exihibit considerable fluctuation. This fluctuation is 
the result of variability of width and gradient in the context of 
gradually increasing discharge.
43
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DISCUSSION
Ilie three-point running average of unit stream power (Figxxre 22) shows the 
general trends in this variable in the downstream direction.
The three possible controls on the distribution of stream power along the 
channel are geology (an intrinsic control), climate, and tectonics (both 
extrinsic controls). The effects of climate and tectonics on the 
distribution of unit stream power in Deer Creek are difficult to 
iirpossible to assess, but analysis of control exerted by geology is 
possible. Geological control includes viiether or not bedrock is exposed 
along the channel, in addition to changes in the bedrock lithology along 
the channel. The high but variable peaks in unit stream power in segments 
IV, V, and VI are anomalous in that the bedrock, the underlying Chuckanut 
Formation, is not exposed along the channel. The high unit stream powers 
are partially explained by reaches within these segments that are steeper 
and narrower, on the average, than the reaches upstream. For exaimple, 
reach 34 has an average width of 31 m and a slope of 0.043 (Appendix II). 
Where the slope increases and the width decreases, unit stream power will 
increase (eqioation 3). The narrower width is not easily accounted for, 
since the valley walls are made of relatively erodable glacial material. 
Perhaps the steep channel gradients and high unit stream powers are able 
to transport much of the sediment load introduced to the channel in these 
reaches. If the majority of the sediment were transported, little 
sediment deposition and lateral migration of the channel would occur; thus 
the narrow channel and steep valley walls in the glacial deposits would be 
maintained. Downstream of the variable peaks in segments IV, V, and VI, 
the reaches of segment VII are narrower and yet have moderate slopes. The
Controls on unit stream power;
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moderate slopes result in moderate values of lanit stream power (equation
3). Reaches underlain by resistant bedrock would be expected to have 
generally higher values of unit stream power due to generally steeper 
channel gradients and narrower average widths. The highest unit stream 
powers are in reaches 102 and 103 vdiere the channel is narrow, steep, and 
bedrock flanks the channel on both sides.
Relation of bank erosion to changes in unit stream power;
Theoretically, at a point v^ere unit stream power decreases rapidly in the 
downstream direction, sediment is deposited along a channel. This 
deposition causes aggradation, vhich in turn prcxrxDtes lateral channel 
migration and bank erosion. Figures 15 and 22 show that the greatest bank 
erosion occurs primarily in reaches immediately downstream from the 
DeForest Creek slide and secondarily vrfiere unit stream power is relatively 
low. This relation is apparent in segments II and III (Figure 22), v\here 
abundant fine sediment frcxn the slide is available and bank erosion is 
extensive (Figures 15 and 22). However, correlation of bank erosion to 
highs and lows in unit stream power is not consistent. For example, bank 
erosion occurs at peaks in unit stream power in the high-power reaches in 
segments IV-VI. Figure 15 shows that bank erosion attenuates downstream 
from the DeForest Creek slide, with segment VII having approximately the 
same percent of eroding bank as does relatively undisturbed segment I. 
Greater percentages of eroding bank near the DeForest Creek slide (Figure 
15) indicate that bank erosion is more sensitive to a major sediment 
supply (such as the DeForest Creek slide) than to unit stream power.
Changes to channel cross-sections: 1986-1987
The paucity of channel cross-section data prevent the drawing of firm
49
correlations between changes in channel cross-sections and lonit stream 
power. However, there was generally more aggradation than degradation 
downstream of the DeForest Creek slide, with 16 m2 of aggradation 
occurring from 1986 to 1987 at cross-section 7-B on the debris fan 
(Figiores 16 and 22).
Sites of fine-sediment storage versus the magnitude of unit stream power; 
Although sediment storage in the study reach was not quantified, the sites 
of deposition of fine sediment due to the DeForest Creek landslide were 
qualitatively mapped. Fine sediment storage in the Deer Creek channel is 
concentrated belcw the DeForest Creek slide. Figure 22 does not show a 
reliable correlation between fine sediment storage and unit stream power. 
The lack of correlation may occur because fine sediment is being deposited 
in a wide range of regimes of averaged unit stream power. For instance, 
segments II, III, IV, and VII shew multiple reaches with lew values of 
unit stream power; and, within these reaches, fine sediment is stored 
(Figure 22) at several locations. Shorter reaches of low unit stream 
power (segments V, VI, VIII) contain more discontinuous zones of fine- 
sediment storage. In contrast, fine sediment is stored in reaches of 
relatively high lanit stream power in segments IV, V, VI, and VIII. The 
lack of reliable correlation between fine-sediment storage and three-point 
running-averaged unit stream power suggests that the three-point running- 
averaged unit stream power does not sufficiently characterize the 
hydraulics that control the deposition of fine sediment.
Evaluation of lonit stream power as an indicator of sediment transport 
ability;
A three-point running-averaged unit stream power can be a reasonably good 
indicator of the ability of a stream to transport sediment. Unit stream
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pcv^r is most sensitive to changes in gradient and channel width, with 
differences in discharge affecting the value of unit stream power less. 
Fine-sediment storage does not correlate well with unit stream power, but 
fine-sediment storage is probably more sensitive to hydraulic variations 
within specific reaches. Bank erosion is controlled more by proximity to 
a large sediment source, such as the DeForest Creek slide, than by lanit 
stream pcwer. It is probable that channel aggradation directly below the 
DeForest Creek slide caused channel shifting, vdiich preferentially 
increased bank erosion. However, bank erosion downstream does seem to be 
concentrated in reaches of high unit stream power.
The above conclusions are based on limited data in sane cases. First, the 
eight cross-sections do not provide sufficient data to define morphologic 
changes in the channel throughout the study reach. The cross-section data 
are not sufficient to relate channel aggradation or degradation to values 
of unit stream power. Second, sediment storage was qualitatively mapped, 
but storage volumes were not measured. Third, unit stream power for the 
reaches was converted to a three-point running-averaged value. This 
conversion had the advantage of allowing trends to become apparent but had 
the disadvantage of potentially masking localized maxima or minima in 
values of unit stream power.
Furthermore, unit stream power is only one indication of sediment 
transport capacity. Other factors such as the particle-size distribution 
and changes in this distribution over time are critical to determining 
sediment transport. Such changes in particle size may occur without 
notable changes in values of unit stream power.
Finally, the assumptions made in the calculations of unit stream power
51
should be recognized. was assumed to be a major channel-forming 
discharge in Deer Creek; and, further, the regression equation used to 
compute is assumed accurate and valid for the Deer Creek basin. The 
channel slope was assumed equal to the energy slope. The latter is not 
always the case, especially v^en backwater effects occur upstream from a 
channel constriction. For the Q discharge, this latter assumption is not 
a problem in most of Deer Creek, although the topographic and energy 
slopes probably diverge significantly at vbere Deer Creek enters the 
lower gorge in the most downstream segment of the study reach.
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CDNCLUSIOB
The greatest effects of sediment input into Deer Creek from the DeForest 
Creek slide occur in the first two to three kilometers of the Deer Creek 
channel downstream from the slide. The large input of sediment resulted 
locally in an increase in the percent of eroding banks. Bank erosion 
attenuates downstream from the slide. Despite the general downstream 
decrease in bank erosion, bank erosion is locally of greater importance 
vhere the channel is wider. Net aggradation and degradation in channel 
cross-section also attenuate downstream. The most pronounced changes in 
channel cross-section ocoorred within two km downstream of the slide. 
Trends in hydraulic variables and field observations indicate that fine 
sediment from the slide is discontinuously stored throughout the stuc^ 
reach. Therefore, the major changes in channel morphology occurred 
immediately below the mouth of DeForest Creek, but the impact of the slide 
on texture of the channel-bed material occurred throughout the length of 
the study reach.
If the slide continues to expand at its present rate of 0.18 m/day, the 
head escarpment will retreat to the contact with the Chuckanut sandstone 
early in 1991. Activity in the slide decreased in 1987, however, 
suggesting that the slide might stabilize sooner. In any case, sediment 
frcxn the slide and debris fan currently in storage within the landslide 
valley or in downstream reaches of Deer Creek will continue to affect Deer 
Creek for years to come regardless of whether headward and lateral retreat 
of the slide ceases.
Analysis of unit stream power for successive reaches of Deer Creek 
indicates that this variable is sensitive to the degree of bedrock control
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on channel morphology. In turn, unit stream power exerts a significant, 
yet poorly understood, control on sites of bank erosion and appears to 
control, at least in part, sites of sediment storage. Thus, this variable 
can help locate reaches most likely to change as Deer Creek adjusts to the 
increased load from the Deforest Creek slide.
Deer Cre^ has received large loads of sediment from similiar slides in 
the past, and the fluvial systan has recovered each time. Recovery, in 
this case, iiiplies that the Deer Creek ecosystem has provided valuable 
spawning and rearing habitat for a variety of anadronous fish; valuable 
enough that the creek has been closed to fishing since 1937. The Deforest 
Creek landslide seriously affected this delicate habitat by clogging 
channel-bed void space with fine sand and silt, which hampers the spawning 
activity and success of the fish using Deer Creek. However, the last 
winter has shown that Deer Creek has a high propensity to winnow fines 
from the channel gravels during winter high flows. Deer Creek will 
eventually recover from this most recent event as well.
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APPENDIX I
Two figures showing the breakdown of the Deer Creek 
stuc^-reach into eight segments and 114 reaches.
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APPEM)IX II
Table of physical dimensions for the 114 reaches 
and hydraulic variables calculated for each reach.
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APPEiroiX III
Cross-section locations and descriptions of associated benchnarks.
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APPENDIX III
I/Dcations of cross-sections and associated benchmarks in Deer Creek used 
during the 1986 and 1987 field seasons by John N.Thompson.
Cross-sections 1-A and 1-B
Cross-sections 1-A and 1-B are located at the Washington State highway 530 
bridge in Oso, WA, a few hundred meters vj^stream fron the confluence of 
Deer Creek with the North Fork Stilliguamish River.
Benchmarks; 1) Spike in the left railroad bridge abutment upstream from 
the highway bridge. The spike is in a horizontal wooden beam facing away 
fron the stream and was used in the September 1986 survey with an assumed 
elevation of 100' (30 m) above sea-level. 2) Spike in the right railroad 
bridge abutment. This spike not used in 1986.
Cross-section 1-A: This cross-section runs the width of the downstream
edge of the concrete highway bridge (Figure 1). The corners of the 
concrete guard rail serve as endpoints. The horizontal distance 
reflected in the survey notes is the taped distance which allowed enough 
sag in the tape such that it nearly touched the gravel bar and was 
readable to the individual holding the stadia rod.
Cross-section 1-B: This cross-section lies downstream from 1-A at the
abandoned concrete highway bridge abutment on the right bank. The end 
points are marked with 5/8" rebar with a bearing from right to left of 063 
degrees. This aligns along an edge of the concrete abutment (Figure 1). 
The rebar has been painted orange and flagged with orange plastic 
flagging.
Sequence of USFS and J.N.Thompson cross-sections downstream from the
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railroad bridge and endmarkers remaining summer 1986:
1) Rail road bridge
2) USFS 1 End points marked in 1986 with 5/8" rebar but not 
surveyed.
3) USFS 2 Wooden stake on right bank as of Sept. 1986. Left stake 
was not found.
4) Downstream edge of the highway bridge. (1-A)
5) USFS 3 (1-B) Old abuttment.
6) USFS 4 Wooden stake on left bank as of June 1986.
7) USFS 5 Wooden stake on the right bank as of June 1986.
8) USFS 6 Wooden stake on the right bank as of June 1986.
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Fig\ire 1: Diagramatic plan view of cross-sections 1-A and 1-B.
Cross-section ^
Cross-section 2 is located in T33N, R6E, on the boundary of sections 13 
and 18, upstream of the old truck road abutments (bridge no longer
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exists).
Benchmarks; The bench mark is a 200 mm nail in a 300 mm alder 
approximately 25 m from the right bank of Deer Creek. The elevation of 
this spike was assumed to be 100' (30 m). The spike serves as a starting 
cross-section 2 and for the longitudinal thalweg profile.
Cross-section 2 lies on a bearing of 116 degrees from the right rebar (top 
elevation 94.36') to the left rebar (top elevation 88.38) Figure 2 shows 
a diagramatic plan view of the location.
Figure 2: Diagramatic plan view of cross-section 2 and associated 
benchmarks.
Cross-section ^
Cross-section 3 is located in T33N, R7E, section 8, 180 m downstream from 
the tributary that crosses the Georgia-Pacific mainline road at the big 
bend west of mile marker 7. Quickest access follows the game trail down 
the ridge at mile marker 7. This trail reaches the main stem of Deer
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Creek 240 m upstream of cross-section 3.
The left r^sar is 25 m from the stream channel in an alder grove among the 
salmonberry bushes. The rebar lies near the bankful1 level of the creek. 
The right endpoint is in a cobbley area above the highwater mark. The 
cross-section lies on a bearing of 185 degrees right to left.
Miscellaneous benchmark; There is a Department of Natural Resources 
benchmark on the boundary of sections 8 and 9 below Big Deer Peak. At 
least two witness plates are nailed to alders and a brass and concrete 
monument is set in the ground. The benchmark lies on the right (north) 
side of Deer Creek approximately 20 m from the right bank. This benchmark 
was not used during my survey but may be of future use.
Cross-section 4-2
Cross-section 4 is located about 75 m downstream from the confluence of 
Deer Creek and Rick Creek in T 33 N, R 7 E, section 9.
Benchmarks: Spike in the downstream end of the right bridge abutment.
There is also a witness post 120 m (apprcKimately) north of the bridge on 
the uphill side of the road. This witness post was not used in the 1986 
survey.
Cross-section 4 has endpoints marked with 5/8” rebar. The rebar is 
painted orange and flagged. The cross-section lies on a bearing of 178 
degrees from right to left.
Cross-sections have been done at this location in the past by Bruce Stoker 
at the University of Washington. I found three cross-section locations. 
Number one was marked on the left side with a wooden stake. Number two is
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Cros s-section ^
Cross-section 5 is located in T33N, R7E, section 3. Access was gained by 
way of the large tributary entering from the SSE in Section 3. The cross- 
section lies approximately 0.75 km downstream frcm the tributary. It is 
also less than 0.5 km upstream from a major tributary draining the south 
face of Little Deer Peak.
Benchmarks: The ends of the cross-section are marked with 5/8" rebar
painted orange. The left rebar is within the edge of the forest behind a 
prcminent gravel lateral bar. The right rebar is approximately 8 m 
vertically up the slumping hillside next to a leaning 400mm diameter 
evergreen. Refer to site map in the main text for location with respect 
to topographic features. The cross-section has a bearing of 130 degrees 
frcm right to left.
Cros s-section ^
Cross-section 6 is located 240 m downstream frcm the confluence of the 
main channel of Little Deer Creek and the main stem of Deer Creek.
Benchmarks: The end points are marked with 5/8" rebar vshich has been 
painted orange and flagged. The right side is located in a small opening 
in the tree line between the forest and the clear cut to the east. The 
left side is within the alders vAiich border the large side channel.
marked on both sides with wooden stakes and rebar and correlates with my
cross-section 4. Number three is marked on the left side with a wooden
stake.
Bearing is 110 degrees frcm right to left.
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Cross-section 7-A
Cross-section 7-A is located 45 m downstream from the bridge crossing the 
main stem of Deer Creek upstream frcm Little Deer Creek. The right side 
is in a flat open area approximately 2 m above tie main channel. The end 
point is marked with 3/4” square steel bar painted orange and flagged.
The left side is marked with 1" square steel bar and is also painted and 
flagged. Bearing from right to left is 164 degrees.
Benchmarks; Steel bar endpoints of the cross-section; square spike in the 
downstream piling of the bridge; spike in the tree on the right side of 
the bridge (Figure 3) vAiich is flagged but hard to see due to limbs and 
brush.
Figure 3: Diagramatic plan view of cross-section 3 and associated
benchmarks.
Cross-section 7-B
Cross-section 7-B is located on the slide fan. The right side is located
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on the upper surface of the slide material within a group of dead alders 
at the bend viiere the main bulk of slide debris grades into finer material 
trapped in a low gradient area on the right bank of the main channel. The 
left side is set within the tree line at a bearing of 127 degrees from the 
right side.
Benchmarks: The endpoints are marked with 5/8" rebar painted orange and
flagged.
Cross-section ^
Cross-section 8 is located at the old bridge abutment upstream from 
DeForest Creek.
Benchmarks: A spike in a 150 mm alder on top the right crib (Figiore 4), a 
spike in the right crib, and 5/8" rebar in cross-section 8 (USFS 1) and 8-2 
(USFS 2).
Note; Cross-section 8-2 was not surveyed the summer of 1986. 8 is
located 22 m downstream fron the spike in the bridge crib. There are 5
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Cross-section 9
Cross-section 9 is located in T33N, R8E, section 7. Access was gained by 
descending the tributary that crosses Forest Road 18 in the ME comer of 
section 7. The cross-section is approximately 30 m upstream from the 
tributary mouth. The right rebar is set on top an embankment of light 
gray glaciolacvistrine clay partially armoured by gravel and boulders.
The left side is in a gently sloping alder thicket. The bearing from 
right to left is 122 degrees.
Cross-sections 10-1,2,5
Cross-sections 10-1,2,5 are located upstream from the USFS 1820 bridge in 
T33N, R8E, section 9 in Deer Creek. These cross-sections di;5)licate USFS 
cross-sections 1,2,5. Rebar was emplaced at the endpoints of the cross- 
section with the exception of a spike in an alder being used as the left 
end point of cross-section 10-2. The end points may be set farther back 
from the stream than those surveyed by the USFS due to erosion of the bank 
material.
Benchmarks: A 30 penny nail in a 650 mm hemlock stump on the right side at 
an elevation of 2200' ( Figure 5). The USFS had a total of 6 cross- 
sections at this location. Bearings of the cross-sections from right to 
left are: 195 degrees for 10-1; 182 degrees for 10-2; 180 degrees for
10-5.
77
Figure 5; Diagramtic plan view of cross-sections 10-1, 10-2, 10-5 and 
associated benchmarks.
Cross-section 11-4
Cross-section 11-4 is located in Higgins Creek T33N, R8E, section 17. 
Access is by way of road 1820 to road 14. Following 14 approximately 
0.5 km, then descending through the clear cut towards a point about 200 
meters upstream from an devious large cutbank on the left bank of Higgins 
Creek should put one in the vicinity.
Benchmarks: Spike in a tree on the right side approximately 20 meters 
upstream from cross-section 11-4. The endpoints of 11-4 are marked with
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r^Dar. The left side is 2 meters above the channel on a bench vdiile the
right side is on a rather steeply sloping cutbank. The USFS has a total 
of five cross-sections at this location.
Cros s-sections 12-1,-2^-4
Cross-sections 12-1,-2,-4 are located on Little Deer Creek upstream from 
the bridge. 12-1 is at the first bend in the creek above the bridge. The 
cross-section cuts the apex of the bend and is marked with 5/8" rebar at 
both ends. The right end point sits atop a roughly 2.5 m embankment at 
the base of evergreen trees. The left end point lies in a wet area at 
the outside of the bend about 1.5 m above stream level. Bearing from 
right to left is 30 degrees.
The left endpoint of 12-2 is set inside the tree line in a relatively 
level area. The right side is atop the high cut bank at the downstream 
end of the clay bench. The bearing is 355 degrees right to left.
12-4 is set across the next comer upstream with the left side set within 
the tree line. The right endpoint lies on a steep, slumping right bank. 
The bearing is 40 degrees right to left.
There are a total of five USFS cross-sections along this reach. The 
bearings of these are (right to left); 1- 030 degrees; 2-355 degrees; 3-
008 degrees; 4-40 degrees; 5-090 degrees.
Benchmarks: Spike in tree on the right side of the bridge (Figure 6) and
spike in the upstream edge of the central pilings of the bridge.
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Figure 6: Diagranttic plan view of cross-sections 12-1,12-2, 12-4 and
associated benchnarks.
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